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Interest in laser display systems is based on 
the premise of screens of essentially unlimited 
size. Many of the dements necessary for such 
systems are presently available. High intensity 
lasers operating at a variety of frequencies 
within the viable spectrum have been demon- 
strated as having modulation and scanning 
techniques of sufficient capacity for most pro- 
jected uses. 

One popular approach, production of images 
by direct reflection of visible emission is sub- 
ject to two drawbacks. First, images are 
monochromatic of a particular well-defined 
wavelength so that images produced by use 

of an argon-ion laser, for f * 

Hue and black; anc' 



a speckled 
t of the set 



may be 
n of co- 



beam. See VoL 46, BeB System Techmcd 
Journd, p. 1479, September, 1967. 

So far as is known, there has been no pro- 
posal to eliminate speckle from laser visual 
display systems. 

According to one aspect of the present in- 
vention there is provided visual display appara- 
tus comprising a laser for emitting a beam of 
radiation at a wavelength between 03 and 
0.53/1, means for deflecting said beam, a 



for receiving said beam and over which said 
beam is defl e cte d by said deflecting means, and 
means tor mockuanng the laser output beam 
to vary the intensity of the emission from the 
screen, said screen comprising essentially a 
material which may be represented by the 



the method by which it is to be performed, 
10 to be particularly described in and by the 
— ' - ut:- - 

relates to visual display ap- 



WXGd^GaiO!, 

in which a is yttrium, lutecium or lanthanum 
or a mixture thereof, is ahaninium or a mix- 
ture of aluminium and indium or aluminium 
and scandium, x is from 0.001 to 0.15, y is 
from 0 to 2599 and z is from 0 to 3.0, the dis- 
play resulting from said deflected laser beam 
and the emission from said phosphorescent 
composition being essentially freefrom speckle. 

Awarding to another aspect of the inven- 
tion there is provided visual display apparatus 
comprising a laser for enutting a beam of 
radiation at a wavelength between 03 and 
0.53/t, means for deflecting said beam, a 
screen for receiving said beam and over which 
said beam is deflected by said deflecting means, 
sad means for modulating the laser output 
beam so as to vary the intensity of the emis- 
sion from the screen, said screen comprising 
a layer of phosphorescent composition conast- 
ing of at least one organic colorant such that 
the display resulting from said deflected laser 
beam and the emission from said phosphores- 
cent conipoation is essentially free from 
speckle. 

In orie en±odiment of the invention there 
b used a phosphorescent screen of cerium- 
activated garnet energized by a laser emitting 
in the visible spectrum at a somewhat shorter 
wavelength than the bulk of the emission from 
the screen. In a preferred arrangement yttrium 
a himrniiim garnet containing cerium is used. 
The characteristically yellowish cast of the 



2 



1,305,111 



2 



emission from this phosphor as seen by the eye 
is adjusted to appear more neatly white by 
deliberate reflection of a portion of the laser 



From the compositional standpoint, a pre- 
ferred farm of this embodiment of the inven- 
tion utilizes a screen coated with cerium- 
doped yttrium nlmtifafam garnet (TAG) ener- 
gized by an argon-ion laser arranged so as to 
emit at 4880 A. The cerium-activated phos- 
phor emits over a broad range of wavelengths 
centering about 5500 A. 

Variations include other laser sources, such 
as a cadhnn-ion laser which may emit at 4416 
A, as well as variations in the phosphor com- 
position. The absorption peak for die phos- 
phor may, however, be shifted to more closely 
match a particular energizing source; and to 
this end) in the garnet, aluminium may be 
■ " r replaced by gatifmn to shift the 
on to shorter wave-length, or yttrium 
! replaced, in whole or in part, by 
iitm to shift the absorption to longer 
wavelength. Since a shift m absorption gener- 
ally produces a corresponding shift in emission 
in the same direction, colour adjustment (far 
example, to produce a white image) by reflec- 
tion of a portion of the laser beam continu 
be feasible. 
When the phosphor composition is at least 



in part organic due to the large variation of 
materials which are suitable for use, few limita- 
tions are placed on the nature of the energizing 
laser. Suitable lasers include argon-ion emitting 
at 4880 A and cadmium-ion emitting at 4416 



for usable monochromatic displays is from 
about 2500 A to about 5500 A 

Specific wavelengths within this broad range 
are chosen in accordance with the phosphor 
characteristics. Generally speaking, suitable 
phosphor materials are organic dyes or pig- 
ments many of which are commercially avail- 
able and hi widespread use. 

In this description, use will be made of the 
term "colourant" or " organic colourant ". It 
is to be understood that this term indudes 
photohimmescent organic dyes and pigments. 
Pigments are particularly useful and may be 
formed by dissolving a dye in an organic resin 
solution which is subsequently condensed. It is 
known that luminescent efficiency in certain 
cases may be if the dye is absorbed 

on a conoid which may take the farm of gel 



present as self-supporting members or as coat- 
ings, and they may be made up on one or any 
com b i n ation of colourants required to produce 
the desired balance. Similarly, the amount of 
(reflected laser radiation may be varied by 70 
deliberate incbsibn of "inert" ingredients in 
the phosphor. So, for example, a filler such as 
talc results in an increase in ratio of reflected 
to converted energy. 
For a better understanding of the invention, 75 



reference is made to the accompanying draw- 
ings in which:— 

FIG. 1 is a perspective view of a system em- 
bodying the invention; 

FIG. 2 on coKXttiinates of zelative intensity 80 
based on a maximum scale value of 100, and 
wavelength in imcrons, is a plot of the emission 

fied cerium-doped YAG; 

FIG. 3 on co-ordinates of intensity in 85 
arbitrary units and wavelengths in angstroms, 
is a plot of the emission for illustrative 
colourants under 4880 A excitation; and 

FIG. 4 is a chromatidty diagram showing 
the co-ordinates of several particularly useful 90 



fibres or particles of 
polymers. 

As hi the YAG-cerium phosphor display, 
" the phosphor are generally 

. the emission peak is relatively 

e to a shift in energizing wavelength. 
This phenomenon is quite useful since it may 
permit substitution of laser sources without 
marked change in apparent emission colour. 
Monochromatic displays result from use of 
s. These may be 



FIG. 1 is a perspective view of a simple 
rstem embodying the invention. Energizing 
light is produced by laser 10 which may, for 
example, be an argon-ion laser or a cadmium- 95 
ion laser. The emerging beam 11 first 
enters modulator 12 which is provided with a 
mod u la t ing signal by means, not shown, for 
amplitude modulating the beam. Modulation 
may be acc omp l ished, far example, by electro- 100 
optic, acousto-optic or magneto-optic techni- 
ques. 

FIG. 2 presents the emission: and related 
excitation spectra for cerium-doped YAG. The 
emission spectrum is in broken outline with a 105 
broad peak having its maximu m value at a 
wavelength of about 0J5 inicron. The associa- 
ted excitation spectrum shown in solid outline 
is a measure of the intensity of the emission 
noted for various pump frequencies. The most 110 
pronounced excitation peak coincides with a 
pump wavelength of about 0.46 micron. The 
emission wavelengths for two prominent laser 
lines are also faiWratwrf The first, for the 
argon-ion laser, is at 0.488 micron. The second, 115 
for the cadmium-ion laser, is at 0.4416 micron. 
The laser lines are shown as solid vertical 
fines. 

A description of suitable aoousto-optic 

in Vol 46, Bell System 120 
Technical Journal p. 367, February, 1967. 
Suitable electro-optic devices are described in 
Vol. 38, Jottrnd cf Applied Physics, pp. 
1611—1617, March, 1967. In any event, 
modulation may be accomplished by altering 125 
the total amount of fight of a particular 
polarization sense which is passed by an 
analyser incorporated in the modulator, or 
alternatively by controlling the amount of 
fight which is deflected acousto-optically. 130 



molecular weight devices is contained 
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Upon emerging from modulator 12, the lium for aiumkium). From the same stand- 
by now denoted 13, enters deflector 14 point for this preferred emDodtaenTtteX 
w^prodtrces the appropriate horizontal and pbor should St be modifiedaTS to result. 

5 fleeter 14 may advantageously operate on an than about 0.58^ (or, more oroS euerriaa- 

lL9^S^^i I£ P V 16 iS ebrU Y J "Kff*^ conversion wffl result in addition of 

_ j \ • < ^ ec ? ar x t ™V ^ perform the some longer wavelength light and, therefore. 

10 ITSSE SSl??^ J* ^ fM will tapm a yeSh tg?to felS 

LS^-, f r?Sl-^ ^ deflectOT e3 ™: YAG in which70 atom pe7c«L 

systems utilize mechanical, sometimes motor yttrium is replaced by gadolinium carresoonds 

Onven, scanners. with this condition amHx^m^ 

One suitable composition for the phosphor sentttheraarimoinu^pe^trfrSnS 

~ gadolinium for me preS em- 



15 priate host Rnission of Ce^ is g<aiera% in the ^ 

near ultraviolet portion of the spectrum. How- Suitable phosphor compositions depend upon 

crystal field sphttmgs m garnet such as YAG, from about .001 to about 15 atom nerft»T 

that emission may be shifted to the visible por- muia unit of garnet (based on! the 

emission for YAG:C^+ is quite broad with a and therefore reduces the amount of tecum- 

Tie peak .absorption m diat lattice centres on coram content represents the minimum 

25 S^,-?"! ^wf^ ^J 4 *??^ ^ ^^tim resulting in a readily discernible 

25 tram is suitable for use either with the argon re-emission imaged while the Z^Zm on 

(.488V) or cadmium (.4416» laser. As lis- Bppg^amd^SaSZ^ S 

"^J 1 / "Stf™* "f^* 1 *™* * ^"theg^cTA^W^irS 

^JE^ZS? ^ * ^.-005 to .10. ThTSer S 

30 absorption to exactly coincide with the laser on minimum concentration required for Tie- 

tion spectrum , only the absorbed energy by the fact that further increase resotafattw£ 

which is converted to visible emission as di^ improvement. to^5SK«hS 

cussed, jb of consequence. Absorbed energy on economics fas compared wmTSL hES 

35 useMy converted m this fa^ iimy be repre^ maximum above) * ^ blDad 1nn 

sorted in terns of ad •fedctttaa" spectrum, In view of the above considerations, the 

and it is in these terms that the data of KEG, overall garnet phosphor StaaSTi 2 

2 is represented. forth as : 
The exdtation sp ec trum in the cerium* 

40 doped garnet may be shifted to accommodate Y^ I . r Ce I GcLAL Gn.O m 

the lasers discussed or to more effectively ^wijflW^o,, (1) 

utilize other lasar sources. To this end, the pro- in which l(WS 

^^S 05 ^ *«AJ^ nu* be modi- r is from 0.001 to 0.15 or in the preferred 

fled by partial or wal substitution of gallium range is from 0.005 to O.loT ^ 

45 for aluminium and/or gadolinium for yttrium. y is from 0. to 2.999 and 

The former has the effect of moving the ex- z is from 0. to 3.0. 
citation peak to shorter wavelength while the 

latter has the opposite effect. The peak of the Certain other substitutions are rossible. So. no 

excitation speetrum may be teflored in this fa : example, tatecmmTLSrr^ay £ 

50 manner within the rage of from about .33 substituted for yttrium, and mdhmTo^S! 



r „ t — ■ — ~ j and indi nrn or scan- 

— — ~ ~ about .48 micros; however, useful dium may replace aluminium in tart. Howrxtw 

excitation may be accomplished over the since suitable excitation and a^Z*i 

broader range of about 0.30 micron to 0.53 may be obtained in the more commoTand 1H 

« "Vt*. . .. . ■ more economical YAG or substituted YAG 

J^l^^T" r^-^J^ W *J ^.expected tl^ZSmodE 

an accompanying shift m the emission! spec- ncauous will go into commercial use, 
t^w^ the range of erms^ p^ being Whue occasions may arise m which it is 

from ^out 0.51 micron to about 0.61 microns, desired to produce coloured or tf-wHte 12(1 

For the preferred embodiment designed to images, the emtediinemTprh^ aS 

60 produce a white or near-white image, the cerned with white or near-white imams Tn 



emission peak should not be at wavelengths the unmodified YAG:Ce 
less than about .52 mioroa (corresponding with 
an excitation peak of about .43 micron which 
s in a YAG 



. 1 by ,__ „_ 

substitution of about 45 atom per cent gal- shorter wavelength laser 



system using an 

— —j .rftite images may 

by connjensation: of the secondary 125 



by some reflection of the 



t Under these 
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circumstances it is desired to design layer 
thicknesses and compositions or provide for 
some reflection such that total absorption does 
not result 

5 Modification of the YAG : Ce system within 
die compositional range described may shift 
the emission so that it needs no compensation. 
Tins may be accomplished for example, by 
partial substitution of gallium for aluminium in 

10 the 20% to 60% range per formula unit. 
Under such circumstsmces, the phosphor layer 
is designffl so as to result in little or no (re- 
flection. This may be accomplished by pro- 
viding for essentially complete absorption! and 

15 minimal reflection. . - . 

In one experimental arrangement, apparently 
white images resulted from use of the composi- 
tion Y^Ce^iMtOvi. It was found that 
approximately 50% of the energy of a one 

20 watt .488/i argon beam was absorbed in a layer 
thickness of about 0.4 millimetres. The image 
could be further mtensafied by providing a 
mirror backing thereby resulting in total 
absorption (within the excitation band) of 

25 about 75% of the laser energy. The approxi- 
mate 25% of the laser energy which is reflec- 
ted suffices to compensate for the yellowish 
cast of the re-emission. 
PIG. 3 presents the emission spectra, for two 

30 organic phosphors and their 50—50 blend. 
The phosphors are 4-amino, 1,8-naptfaal p- 
xenyhnride (peaking at 5300 A) (curve A) and 
Rhodamine (peaking at 6050 A) (curve B). 
Both fluoresce with high efficiencies (greater 

35 than 50%) under 4880 A excitation. The 
broken hue represents a particulate 50—50 
mixture of these two phosphors. The individual 
phosphors fluoresce yellow-green and red. 
Their c om bin e d output is orange. The bine 

40 wntem of radi^Km^ra^the^screer^can also be 

increase the fraction of 4880 A laser radia- 
tion reflected when this argon-ion laser radi- 
ation is used, for example Hence, the overall 
45 effect is to produce a white appearance to 
the eye. 

FIG. 4 is the internationally accepted <3E 
chromaricity diagram (see Applied Optics: A 
guide to Modern Optical System Design (J, 

50 Wiley & Sons 1968) Co. 1 by L. Levi) which 
can be used as a guide in flgragfag the colour 
quality of a display system. In this diagram, 
the saturated (monochromatic) colours are loot- 
ted on the p erime t e r of the horse-shoe-shaped 

55 plot, while colours of decreasing saturation 
approach iHummant C which is a white colour 
equivalent to average daylight illnmination. 
Every , real colour, regardless of its spectral 
complexity, can be represented by a single 

60 point on or within this plot A straight line 
connecting any two points (primaries) repre- 
sents the locus of possible colours that can be 
achieved by blending them in varying propor- 
tions. Similarly, the gamut of colours possible 

65 by the combination of more than two primaries 



are those which faU within the polygon deter- 
mined by straight lines which connect adjacent 
primaries. As an example, the dotted triangle 
in FIG. 4 encloses the colour gamut of a 
shadow mask colour CRT. For comparison, 70 
there is also shown the major cadmium and 
argon laser lines at 4416 A, 4880 A, and 
5145 A as well as lie emissions of three phos- 
phors (Nos. 3485, 3483 and 3484) which are 
Rhodanune based pigments). The arrow on the 75 
3485 dye emission shows the effect of adding 
phthalocyamne toner, which selectively absorbs 
The longer wavelength yellow and red portion 
of the emission to produce a more vivid 
green. It lbs yyn that the combination of 80 
light from either of these blue laser sources 
and emission from the 3483 and 3485 phos- 
phors results in a colour gamut similar to that 
of the colour cathode ray tube. 

A black and white display can be achieved 85 
by scanning a monochromatic laser beam on a 
viewing screen that is coated with an appro- 
priate blend of phosphors and direct scattering 
materials such as powdered MgO or talc. For 
example, a combination of scattered Tight from 90 
a blue argon-ion laser beam (4880 A) and blue- 
to-red converted light from either of the 
Rhodanune dye phosphors 3483 and 3484 can 
produce a white appearance since a straight 
line connecting these primaries on the chroma- 95 
ticity diagram posses very near to flhmtinant ■ 
C. 

A combination of more than two primari es 
can also be used to produce white. As an 
e^pb , a Cd-He laser beam which 100 

MgO and dye phosphors 3484 and 3485 can 
be used to achieve & white appearance. Alter- 
natively, MgO may be replaced by pyrelene- 
contammg materials off 7-dxethyi amino, 4- 105 

blue and ultraviokt-to-blue converting phos- 
phors, respectively, to completely dhntfifwe 
speckle.) 

Regardless of how many phosphors are 110 
used, it is apparent from the chromatidty dia- 
gram that a necessary condition for achieving 
a true white is that the iUummating laser beam 
have a wavelength of approximately 4950^ A 
or shorter. Otherwise, it is impossible to in- 115 
elude flhaninant C within a polygon whose 

of longer wavelengths that can be achieved 
by down-conversion! of frequency. Fortunately, 
the argon-ion laser satisfies this necessary con- 120 
drtioo. Re pr e s e nt ative materials and the colour 
which they fluoresce include pyrelene (blue); 
fluorescein (yellow-green); eoan (yellow); 
Rbodamine-B (red); Rhodamine-6'G (yellow); 
acridlne (blue); acriflavin (yellow-green); 125 
napthalene red (red); auramfne-0 (yellow- 
green); 4-amino, 1,8-napthal p^xenyhntide 
(yellow-green); and 7-d^ethylamino, 4-methyI 
coumarin (blue). Other dyes are xanthene, 
azme, oxazine, thiarine, acridine, flavin, 130 



J 13Q54H 5 

naptbafimide and coomaiin derivatives. Data optimize screen composhi(Hi for a given laser 
on absorption and emisaoo of selected dyes is source. 5 
given in Table I. Such data may be used to 

TABLE I 

Absorption and Fluorescence Bands of Dyes in Aqueous or Alcoholic solutions 
(Approximate Emits of bands in A; peaks of bands in parentheses) 



Compounds 


Absorption Band 


Band^ 1101 * 


SCen Colour 


I. XANTHENE: 










U.V. 


2900-4600 
(3200) 


violet 
strong 


Fluorescein 
(Dihydroxyfluorari) 


4400-5200 
(4940) 


5100-^5900 
(5180) 


yellow-green 
very strong 


Eosin 

(Tetrabrommuorescein) 


4500-5600 

(5170) 


5200-6000 
(5400) 


yellow 
strong 


Erythrosin 
CTetrdodofluorescein) 


4600-5560 
(5165) 


5180—5880 
(5375) 


yellow 
weak 


Rose bengale 
(Tcttaiodo- 
tetrachloi^uQrescein) 


(5438) 


5500-6700 
(6000) 


very^eak 


Rhodamme B extra 


4800-6000 

(5500) 


5500-7000 
(6050) 


red 


Rhodamme6G 
Acridinered 
Pyromne B 


4800-5900 
(5260) 

4550-6000 
5400-5900 


5360-6020 
(5550) 

5600-6800 
5600-6500 


yellow 
medium 


II ACRIDENE: 
Acridine 


3000—4500 


4000-4800 


btae-riokt 


"Acridine yellow 


u.v.— 5200 


4750-6400 


green 


Euchrysiue 


U.V.-54O0 


" 5050-6700 


greenish- 



Rheouine A 

Acriflavine (Trypaflavine) 



xuv.— 5100 
u.v.— 5000 



4700-6500 
4850-6600 



green weak 
yellowish- 
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TABLE I (continued) 

Fluorescence 

First 

Compounds Absorption. Baud Baud Colour 

HI AZINE: 

Magdalared 4000-6000 5500-7000 red strong 

(5240) (6000) 

Safraaine (5390) yellow-red 

IV THIAZINE 

Adethylene blue 




A napthalimide dye; 4-amino, 1,8-napthal 
p-xenylunide (yellow-green) and tiro Rhod- 
amine dyes (orange and red) are exemplary. 
5 Their emission spectra for 4880 A excitation 
exhibit peaks at 5300 A (yellow-green); 6050 
A. (^anfflHred)^^62(WA (red) respectively. 

10 their absorption cross sections are so large that 
the entire laser beam is absorbed within thin 

Their absorption bands are quite broad, in- 
cluding essentially ail of the violet and blue 
15 md aportioa of the S* 0 *^- 1 . ^ beea estima- 

50%. Thus, these materials are watt suited 
for laser display systems. 
The colours of these fluorescing dyes may be 
20 modffied^somewhajy varying the type of 

to a lesser extent by varying the type of 
vehicle, or binder, into which the pigment is 
incorporated. It is also possible to modify 

25 colours by c ombinin g fhrarescertt dyes with 
nonfluorescent dyes that selectively absorb a 
portion of the emission spttJi'imi. Fes' example, 
the emission spectrum of the napthalimide 
dye (type 3485) shown in FIG. 3 peaks at 

30 5300 A, in the green. Normally this fluores- 
cence appears to have a yellowish-green cast 
due to the broad tail of the emission spectrum 
which extends into the yellow and red. How- 
ever, this tail can be substantially reduced by 

35 the addition of a, noofluoresting green toner 
such as a phthalocyaame which absorbs in the 
yellow and red. The result then is a trade-off 
of brightness for the ability to limit the spec- 
tral content. 

40 In contrast to the mam/ yellow and red 
emitting dyes, Hue tariffing dyes are less com- 
mon. However, examination of pyrelene in 
dilute alcoholic solutions indicates mat it is 
blue-fiuorescing when excited by short wave- 



length blue light such as the 4579 A emission 45 
of^argp^hisa^o^the 4416 A emissionofji 

such as the 4880 A line of an argon laser. In 
addition, ^pjgmems of ^coumarin which 50 

are commercially available. 
Ia the system having an organic colourant 

white images may*resukby adjustment of the 55 
screen composition to a yellow cast so that 
reflected blue adds in to give a- whiter image. 

However, as with the garnet phosphors, suit- 
able choices of phosphors can readily be made 
so mat no compensation - is needed. This may 60 
be accomplished, for example, by blending 
particulate mix lures of blue, yellow and red 

the phosphor layer is designed so as to result 
in little or no reflection. This may be accom- 65 
plished by providing for essentially complete 

a ^jfapparent that final design of a phosphor 
screen depends upon power levels, laser wave- 
lengths, phosphor absorption level, and emis- 70 
sion wave length . Reflection of unconverted 
laser emission may be e nhance d by using thin 
coatings, by reflective backings (although this 
also results in additional secondary emission 
during retraversal) and by incorporation of 75 
"inert" reflective material such as talc. 

Variationfl may utilize a laser source which is 
behind rather than in front of a screen and a 
variety of other arrangements for folding 
beams, for modulation, and for deflection of 80 

WHAT WE CLAIM IS:— 

1. Visual display apparatus comprising a 
laser for emitting a beam of radiation at a 
wavelength between 03 and 0.53ft, means for 85 
deflecting said beam, a screen, comprising a 
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phospimKceat matmal, for receiving said 4. Apparatus according to claim 3, in which 35 

u -?!L 0Ve ? whKh j*"* is deflected said colorant is a derivative of conmarn? 

by said deflecting means, and means formodu- xanthine, acridine, I&odamine, naplMimide! 

lating the laser output beam to vary the inters azine, or thiazine. ^ ^ 

5 sity of die emission from the screen, said screen 5. Apparatus according to daim 3, in which 

compnang .essentially a material which may be said composition comprises at least one of 40 

represented by the formula pyrelene, 7-dietiiylamine 4-methyl coumarm, 

_ _ _ Rkxiamine B 5 Rhndamine 6G, acridine and 

^ I . 7 Ue I Gd I ( l H £ . > Ga 1 0 12 4-amino 1,8-naphthal p-xmyBmide. 

i ... . . , . , . 6 - Apparatus according to anyone of die 

in which a is yttrium, lutecium or lanthanum preceding claims in which said laser is an 45 

10 or a mixture thereof, 0 is afaonnhnn or a mix- argon-ion laser. 

tore of aluminium and mdium of aluminium 7. Apparatus according to anv one of the 

and scandium, * is from 0.001 to 0.15, y is preceding claims in which said laser is a 

from 0 to 2.999 and e is from 0 to 3.0, the cadmium-ion laser 

disj^y resulting fromsaid deflected laser beam 8. Apparatus according to any one of the 50 
15 and the emission from said phosphorescent preceding chums, in which said screen is such 
composition bemg essa^Hy free from speckle S^^muSSS^SR uncT 
^•J^™ttBKCordmgtDdaunl s m^(± verted so tint the combination of reflected laser 
sad pto^horescent composition is represented emission and the phosphorescent emission from 
Dy the tormina the screen appears essentially white. 55 
on v ai n. 9 - Apparatus according to any one of the 
M Y^CexAtOw, preceding claims, in which said modulating 
, ... , ,. , means is an electro-optic rnodulator and said 
u ^ ^? ky g^*? comprising a deflecting means is an acousto-optic deflector, 
laser for emrttmg a beam of radiation at a 10. Apparatus accoidtag^chmn^fa 60 
wavelength between 0.3 and 0J3^ means which S Mmod S ^^,M ec ^Z n 2tZ 
for deflecting said beam, a screen for receiving a single unit. 
25 saH b^ano^er wito said beam is defiec- 11. Visual display apparatus arranged sub- 
ted by smd deflecuug means, and means for stantMy as herein described with reference to 
modulatmg the laser output beam so as to>vary FIG. 1 and having as a layer udod the screen <k 
the intensity of the emission from the scn^ at least one ££u K 
said screen comprising a layer of phosphores- mentioned. 
30 cent composition consisting of at least one H.L. JACKSON 
organic colorant such that the display resulting Chattered Patent Aeent 
fromsaid deflected laser beam aiid tte entis! 5jESff 
sion from said phosphorescent composition is WaidfardGreen, Essex, 
essentially free from speckle, Agem tor t£ A^hcams. 

^°l. H " ^ Stationery Office by me Courier Press, Leamington Spa, 1973. 
Pubhahed by the Patent Office, 25 Southampton Building* lS^wSl 1 AY, from 
which copies may be obtained. 
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